Both surface and core studies from two highly impacted estuaries (New Bedford Harbor, Massachusetts, USA and Halifax Harbour, Nova Scotia, Canada) were carried out to determine if benthic foraminifera could be used to detect changes through time in these areas. New Bedford Harbor is in a highly industrialized area that has undergone severe environmental stresses from a variety of sources for almost 400 years, and has been declared an U.S. Environmental Protection Agency (EPA) Superfund site (i.e., a site so impacted that a special EPA fund is set up to clean it up in designated time frame). Halifax Harbour has been subjected mostly to domestic pollution (i.e., organic carbon produced by human wastes), rather than industrial (chemical) pollution since the founding of the city in 1749. Although many geochemical studies have been done in both estuaries, there are few baseline data on the biota. In this paper we use benthic foraminiferal assemblages retrieved from sediment cores to reconstruct biotic changes of the recent past. It is then possible to correlate faunal changes with already known geochemical parameters. The character of the pollution has changed in New Bedford Harbor as remediation efforts have taken hold. This change was detected with the foraminifera. One outcome is that deformities among one species, Haynesina orbiculare, appear to occur simultaneously with high polychlorinated biphenyls (PCB's) in the sediments. In Halifax Harbour, where the largest impact is due to high organic input from domestic sources, species tolerant of low-oxygen conditions are most prominent at present. Core studies show that prior to the rapid growth of Halifax (in the 1960s) the organic input was much lower than at present. The higher input of organic carbon (OC) at present is indicated by foraminiferal species tolerant of high OC in cores since 1960, generally those with agglutinated as opposed to calcareous tests. We define industrial vs. OC pollution in sediments using foraminifera as proxies, and further, the environmental history is accurately depicted without original baseline data. Data from these two estuaries can be compared to other sites where degradation may be in different stages, which can be assessed by looking at foraminiferal faunas in those areas.
INTRODUCTION
Estuarine systems in North America have been under urban development pressure since the beginning of the European settlement in the 1600's. First impacts were relatively minor (some shorefront development, wastes from light industry). As the industrial revolution progressed, many more toxic chemicals were introduced into coastal waters. Some estuaries experienced heavy pollution by chemicals such as polychlorinated biphenyls (PCB's), which have been banned from use since 1978 but are still prevalent in many environments because of their chemical stability. Other urbanized areas have simply been subjected to heavy domestic pollution with no attempt to treat or reduce sewage output.
Documenting chemical changes in sediments has been the dominant method for determining pollution impact. Determining biological effects ''after the fact'' has always been problematic because of the lack of information on pre-impact conditions in most areas. In this paper we try to solve this problem in two east coast estuaries by documenting the history of pollution by means of benthic foraminifera as biological proxies. The two estuaries are Halifax Harbour (HH), Nova Scotia, Canada and New Bedford Harbor (NBH), Massachusetts, USA (Fig. 1) . New Bedford Harbor is a classic example of an estuary that has undergone heavy industrial pressures to the extent that it was declared an Environmental Protection Agency (USA) Superfund site because of the extraordinarily high concentrations of PCBs found in the sediments (sometimes over 300,000 parts per million (ppm). Halifax Harbour, while not exposed to a similar industrial pressure, underwent over 250 years of unchecked domestic sewage, which has, at the very least, increased the biological oxygen demand on the sediments.
The problem of determining biologic effects in the absence of baseline data can be overcome by studying organisms that leave a fossil record, such as testate rhizopods. Testate rhizopods (foraminifera and thecamoebians), because of their comparatively high species diversity and widespread distribution, are excellent environmental indicators. Their distributions, with respect to environmental characteristics, have been thoroughly documented (e.g., Murray, 1991; Scott and others, 2001 ). More importantly, these organisms leave an easily accessible and abundant fossil record, which allows reconstruction of the characteristics and timing of historical environmental variations from sediment cores in a broad spectrum of marine settings. Unfortunately, relatively few studies have used a continuous record of foraminifera in sediment cores to reconstruct an impact history, but that is their most important quality-the ability to provide ''a priori'' data on biological events (summarized by Scott and others, 2001) .
Other groups of aquatic microfossils such as diatoms, dinoflagellates and ostracodes are possibilities for use, but in this study only the ostracodes (which are largely CaCO 3 ) FIGURE 1. Generalized map showing the locations of the two study sites in relation to each other (adapted from http://nationalatlas.gov/ natlas/natlasstart.asp).
are benthic, and they were not present in any reliable abundance. The diatoms and dinoflagellates are planktonic for the most part and do not reflect conditions at the sedimentwater interface. However, there are parallel studies being carried out on dinoflagellates for NBH (Pospelova and others, 2002 ) and these organic walled microfossils are well preserved. In any case, no other group of microfossils is so well documented in terms of their environmental preferences in the coastal zone as foraminifera (e.g., others, 1980, 2001) . Once the specific environmental characteristics of modern living assemblages have been recognized, it is possible to use their fossil ''signal'' to reconstruct paleoenvironments with a high degree of confidence, or to monitor and manage contemporary environmental changes associated with remediation or change of use.
PREVIOUS WORK

FORAMINIFERA
General
Traditionally, foraminifera have been used primarily as stratigraphic and paleoecologic indicators. Their potential for assessing the environmental impact of industry and urban development on benthic ecosystems is a relatively recent application. Early studies of this nature have dealt with mostly organic waste contamination (e.g., sewage or pulp and paper mills; Alve, 1990; Bandy and others, 1964) , but there has been a recent interest in various kinds of thermal and chemical pollution. One of the few studies to use foraminifera to assess the effects of heavy metals over time in a Norwegian fjord was by Alve (1991) .
The subsequent studies on foraminifera as modern pollution indicators have been reviewed thoroughly by Alve (1995) , Yanko and others (1999) , and Scott and others (2001) , and it is not the intent to present a complete review here. However, one study from the Mediteranean coast (Haifa Harbor) is of note because it is one of the most striking examples of how foraminifera react to a variety of stresses (Yanko and others, 1994) . In a gradient on the Israeli coast from a control site (relatively unpolluted) to an extreme impact site (Haifa Harbor), foraminifera appeared to change dramatically in aspects of both assemblage and teratological composition with in species (deformities). Boltovskoy and others (1991) reviewed the entire range of deformities and found no one causal factor; the majority of extreme cases appeared to the result of some kind of anthropogenic stress. On the other hand, Debenay and others (2001) found that natural stresses caused by extreme, rapid changes and extremely high salinities in a Brazilian estuary produced deformities of 4-25% in some calcareous species. In this study, there are no large salinity variations comparable to those observed in Brazil.
One of the few studies showing how to use foraminifera as indicators of remediation was by Stott and others (1996) . In that study, some of the old sites studied by Bandy and others (1964) near the Orange County sewage outfall (off southern California), were resampled to determine how the fauna had responded to remediation efforts. Only near the actual outfall were small numbers of Trochammina pacifica (a pollution indicator) found; however, it was noted that some of the typical calcareous shelf species were also rare in the same area. This study was followed up by McGann and others (2003) , who looked at old sites of Santa Monica Bay, California; these sites had been studied by Zalesny (1959) and Bandy and others (1965) before remediation efforts. McGann and others (2003) revisited these sites in 1997-1998 to determine if remediation had, in fact, taken place. Remediation at the Santa Monica Bay site appeared less extensive than at the Orange County site because many of the pollution-resistant species such as Trochammina pacifica were still abundant, which was not the case with some of the calcareous species. Gregory (1971) , Haury (1996) and Williamson (1999) studied foraminifera within the confines of HH. All of these studies were unpublished theses and part of those data are presented here. Other studies recorded longer periods of pollution, showing that high organic conditions existed for years in both the outer harbor (Edgecombe and others, 1999) and Bedford Basin (Miller and others, 1982a) .
Studies Proximal to This Study
Although there have been no previous distributional studies of Recent foraminifera in NBH, similar studies have been performed in adjacent estuaries and sounds. These studies provide a baseline for further distributional investigations. Said (1951), Parker (1952) , Schafer (1968) and Buzas (1965) studied samples from nearby Buzzard's Bay or Long Island Sound. Parker (1948) worked on the foraminifera of the continental shelf from the Gulf of Maine to Maryland, and Lidz (1965) studied those of fine sediments in Nantucket Bay. However, the most recent study by Thomas and others, (2000) used a combination of benthic foraminiferal assemblages and stable isotopes to help determine variables such as food sources.
ENVIRONMENTAL SETTING OF HALIFAX HARBOUR
Halifax Harbour is a long, irregular bay on the east coast of Nova Scotia (Fig. 2) . It has been shaped by both river and glacial erosion, which led to the formation of the Bed- ford Basin fjord. The depth of the basin is 70 m at its center and 22 m at the sill. The entire harbor is part of the old Sackville River valley, a river that empties into the harbor at its head and is the main source of fresh water to the estuary (Fader and others, 1991) .
The harbor behaves as a stratified estuary. In Bedford Basin, where fresh water from the Sackville River mixes with underlying seawater, the fresh water flows out of the basin over the inflowing seawater. Circulation inside Bedford Basin is sluggish due to the shallow sill. In the outer harbor the water is better mixed and unstratified (Halifax Harbor Cleanup Project, 1993) .
The various environmental problems of HH have been studied in detail, mostly using geochemical tracers (e.g., Buckley and Winters, 1992) . As part of a survey study in preparation for the building of a sewage treatment plant, Fader and others (1991) and Fader and Buckley (1995) detailed the marine geology of the entire harbor area. Buckley and others (1995) carried out one of the studies most pertinent to the present study. They examined short cores from across the harbor area and identified historical trends in heavy metals and other contaminants using a Pb 210 chronology.
Halifax Harbor has been used as a waste disposal site since the founding of the city of Halifax in 1749. The main sources of pollution are approximately 100 untreated sewage outfalls, 39 of which are municipal. The sewage comes from sources such as private homes, light industry, government and university laboratories, military bases and hospitals. The municipal outfalls alone discharge about 135 million liters of raw sewage per day (Halifax Harbor Cleanup Project, 1993) .
ENVIRONMENTAL SETTING OF NEW BEDFORD HARBOR
New Bedford Harbor is one of the deepest embayments in the Buzzards Bay System and is divided into the Inner and Outer Harbor. This body of water is smaller and much shallower than HH, with depths no greater than 10 m and usually much shallower (Fig. 3) . The Inner Harbor (which includes the upper and lower harbor), also known as the Acushnet River estuary, is the largest industrialized and urbanized harbor on Buzzards Bay. It is a subtidal, weakly stratified and partially mixed estuary with low freshwater input, which causes a net landward movement of bottom water throughout the year (Summerhayes and others, 1985) . The Inner Harbor is separated from the Outer Harbor by a hurricane barrier that was constructed in 1964 to prevent the cities and towns surrounding the area from storm flooding. The Harbor has been a major manufacturing center and fishing port over the last 250 years and, as a result of this vigorous activity, the ecology and marine resources have been severely impacted or altered.
The industrial activities of NBH are extensively documented (Fig. 4) and peaks in certain types of pollutants may act as markers for dating of cores. There have been many studies on the nature of contaminants and activities in NBH. The effects that these pollutants have had on the benthic biota, however, are poorly understood. There have been many studies on sediment contamination in NBH, either through direct examination of sediments or by measurements of bioaccumulation in indigenous organisms. The construction of the hurricane barrier in 1964-66 led to increased siltation of the harbor and enrichment in organic matter (OM). Weaver (1982 Weaver ( , 1984 reported that the sediments underlying NBH contain elevated levels of polychlorinated biphenyls (PCBs), which were used in the manufacture of electronic capacitors during the years 1947-1978. Apparently, the heavy metal and PCB contamination of bottom sediments in NBH has been the worst in the USA (Farrington and others, 1983) .
For Long Island Sound (LIS), Knebel and others (2000) summarized a large body of work by several authors on bottom sediments, chemical tracers, and benthic communities including foraminifera (Thomas and others, 2000) , mostly in the open LIS. Along the Connecticut coastline, Varekamp (1991) looked at the trace element geochemistry and pollution history of mudflats and marshes. Later, others (2000, 2003) focused more on mercury contamination and chronologies in both LIS and Connecticut marshes. As in NBH, there is an enrichment of heavy metals in short marsh cores from the Connecticut shoreline.
METHODS
COLLECTION
Collection of cores in HH was done by divers in water less than 20 m deep in 1996 and 1998 (Fig. 2) . This permitted collection of undisturbed surface contacts that are essential in high-resolution sampling. In one case (core 1C), a Benthos gravity corer was used to obtain an extended record, not possible with diver-collected cores. Plastic tubes were pushed into the sediment and capped on the way to the surface. Cores were either extruded at 1 cm intervals to containers or the core's plastic liner split in half for sampling. Surficial samples collected for the surface transect of Haury (1996) were collected in 1995 using a Shipek sampler, which snaps shut upon hitting the seafloor, saving the top 1 cm of sediment for analysis.
Since divers could not be used in NBH for safety reasons, a King hand piston corer was used in 1996 and 1998 for collection of longer cores (Fig. 3 ). Cores were capped on site and split at the EPA office. Half of each core was used for foraminiferal analysis and the other half for dating and geochemical analysis.
LABORATORY TECHNIQUES
Ten-cc samples were taken at 10 cm intervals throughout each core (or closer in HH) and washed through a set of nested sieves with 63 and 500 openings, the small sieve retaining the foraminifera and thecamoebians. In some cases, a 45 sieve was used where the presence of many thecamoebians was suspected. Samples were placed in a formalin/rose Bengal mixture for preservation (surface samples) or in alcohol for core samples. All samples were kept in a liquid suspension. Methods are detailed in Scott and others (2001) .
Samples were examined with standard binocular dissecting microscopes and split with a wet splitter to avoid overcounting (Scott and Hermelin, 1993) . Samples with excess sand were dried and split with an Otto microsplitter, then resuspended in a water/alcohol mixture to detect rose Bengal staining. Samples that were dried did not usually contain the fragile species that live in organic-rich sediments.
Plate 1 at the end of this paper illustrates some of the more common foraminiferal species and their deformities. A short taxonomic section is included to confirm which species are discussed.
All geochemical analyses for NBH were performed at the EPA laboratory in Narragansett, Rhode Island. Total carbon percentages were performed by the Loss On Ignition (LOI) method at 450Њ C for 1 hour in a muffle furnace. Although this method can have systematic errors (e.g., release of CO 2 from carbonates) there are few carbonates in these sediments and the method is internally consistent. 210 Pb dating done at the University of Rhode Island provided the chronology for NBH cores.
RESULTS
HALIFAX HARBOR
Geochemical Summary
Substantial work has been done on some aspects of geochemistry in sediments from HH but none on the cores examined for foraminifera in this study. Buckley and Winters (1992) examined the geochemistry of 274 surficial samples from HH between 1986 and 1990. This coverage includes the sites of Mill Cove (Bedford-Sackville sewer treatment plant) and Tuft's Cove (Fig. 2) . Loss on ignition was high in both sites in the 1990 time period; heavy metals (such as Cu, Zn, Pb, and Hg) were relatively high in Tuft's Cove. Mill Cove, the recipient of domestic waste, had relatively low levels of these metals. Polychlorinated biphenyls mea-FIGURE 5. Foraminiferal assemblages in surface assemblages from Halifax Harbour showing both Haury's (1995) and Gregory's (1971) data. Surface transect through Bedford Basin, Nova Scotia. Filled diamonds are Gregory's (1971) data. No data on thecamoebians or loss on ignition in 1971. Points on lines are Haury's (1995) data. sured in the Bedford Basin in the late 1990's by the Department of Fisheries and Oceans (DFO, Canada) were barely detectable (K. Azetsu-Scott, Bedford Institute of Oceanography, Dartmouth, Nova Scotia, verbal communication).
Gearing and others (1991) studied one core in the Northwest Arm (HH), just to the south of the Bedford Basin (Fig.  2) . The site was thought to have the least disturbance from ship traffic and to be undisturbed. In this study, both 210 Pb dating and measurements of hydrocarbons and metals were performed. The dating showed that sedimentation rates were much slower than in Bedford Basin (about 30 cm in the last 100 yr) and increases in heavy metals and hydrocarbons could be observed starting in about 1920, with slight decreases from around 1980 to present. There appeared to be little evidence, prior to 1920, for contamination above background levels. Buckley and others (1995) and Fader and Buckley (1995) studied cores collected throughout HH and produced results similar to those of Gearing and others (1991 Using Gregory's (1971) surface sample data it was possible to determine, for some cores, whether sediments were older or younger than 1968 by the presence or absence of foraminiferal species he observed in his samples collected in 1968. Such horizons were used as approximate datums in the cores of the present study and, based on them, it would appear that the rates of sedimentation are higher than the highest measured by Buckley and others (1995) . Although bioturbation plays a role in mixing of sediments, xradiographs of cores from these areas show lightly laminated muds, not indicating strong bioturbation, and therefore this horizon should be within a few cm's of the original level. These x-radiographs are available from the Centre for Environmental and Marine Geology, Dalhousie University.
In Tuft's Cove, the LOI values were usually less than 15% and averaged less than 10% throughout the core; the highest values were at the surface. For the Mill Cove cores, the values were 20-35% with highest values in core 5 in 1996, when the sewage plant was being cleaned and output increased three fold.
Foraminifera in Surface Transect
Gregory (1971) collected over 120 surface samples from HH in the 1960's and examined the total benthic foraminifera assemblages. Haury (1996) returned and, in 1995, resampled some of the same sites to determine what changes had taken place over 30 years; this opportunity rarely occurs. Differences in techniques of preservation and processing between the 1968 and 1995 samples, however, were such that not all results were completely comparable. For example, Gregory (1971) , by drying the samples, lost the organic inner linings (that are important in this study) and some of the fragile species such as Reophax scottii may have been underrepresented. However, even if R. scottii was slightly underestimated, it was certainly less abundant than now, since the 1968 samples indicate less than 5%, whereas present samples at the same locations are often over 20% and total numbers of specimens are not that different between sampling periods (Fig. 5) . Nevertheless, there are still sufficient differences that enabled us to identify the horizons in some of the cores.
Our surface transect (Figs. 2, 5) extended from the head of Bedford Basin to ''The Narrows,'' which is the sill of the fjord. About 9 stations were the same or very close between Haury's (1996) and Gregory's (1971) sites, and others were farther apart. Some association differences between the 1968 and 1995 intervals appear to be real faunal changes: Elphidium spp. in Gregory's material that was not present in 1995; Haynesina orbiculare that was present in 1995 but not in 1968; Ammotium cassis that was present in 1995 but not in 1968, when it was replaced by Eggerella advena; and the absence of Fursenkoina fusiformis in the 1968 material. More problematic differences resulting from differing processing techniques include low abundances of R. scottii in 1968 and its great abundance in 1995.
Mill Cove (Domestic Sewage), Cores 5 and 1C
Core 5 was collected in 1996 and 1C in 1998 by the domestic outfall (Figs. 6, 7) . In core 5 (diver-collected in 1996), specimens of tintinnids, Reophax scottii, and Ammotium cassis were present in levels below the 1996 horizon. In 1996, the core recorded an increase in OC and an almost complete disappearance of foraminifera. One group whose distribution is problematic is the tintinnids which are planktonic protozoa of the phylum Ciliophora that produce an agglutinated shell preserved in our sediment samples. The tintinnids began to appear just below the 1996 time line (Fig. 6) . Core 1C (a short gravity core collected in 1998) covered a longer period of time. Its record is similar to core 5, except that it extends farther back in time and the 1996 interval appears to be compressed, judging by the total foraminiferal counts between the two cores. Calcareous species appear near the base of this core (between 60 and 50 cm). At this location, Gregory (1971) studied surface samples and found calcareous species, which suggests a timing of not older than 1968 for this level. We had problems directly comparing the records of core 5 and core 1C because the exact outfall point was missed by core 1C (Fig. 7) . At the surface of core 1C, however, some living specimens of partially dissolved but alive (stained) Elphidium and Haynesina species were starting to reappear (not shown in Fig.  7 because they would show up as traces, but they are significant just by their occurrence in any form).
Tuft's Cove (Industrial Sewage), Core 2
At the industrial site Tufts Cove (diver-collected), Eggerella advena was the dominant species except at the sediment surface, where OC concentrations were at their highest (Fig.  8) . Reophax scottii increased in the surface cm with a resultant decrease in E. advena. Tintinnids, common at the domestic site, are not common here. Other than that, there was little variation throughout the core. Based on the lack of calcareous species, which were present in Gregory's (1971) samples from this location, we concluded that the base of this core is younger than 1968. 
NEW BEDFORD HARBOR
Geochemical Characteristics of Transect 1, Upper Harbor to Lower Harbor
For the 12 samples examined in this transect, the concentrations of pollutants in sediments were highest in the Upper Harbor (Figs. 3, 9) . Al, Fe, and Mn are major components of the earth's crust and values are much higher than other metals; they are considered natural and not plotted in Figures 9-12. Loss On Ignition values ranged from 3 to 8.7%, with peak values occurring in the first three stations of the transect (i.e., Upper Harbor). Zn and Cu concentrations (up to 2200 and 1600 ugg Ϫ1 dry weight {DW} respectively) reached peaked elevations in the upper harbor. These metals, along with the total PCB and total aliphatic hydrocarbon (PAH) concentrations showed a distinct and similar trend. Their concentrations were highest at the first three or four stations in the upper harbor and decreased to lowered levels in the lower harbor, but still remained well above background levels.
Geochemical Characteristics, Core 1c102596
The base of the core has been dated at 1875 A.D. with extrapolation of Pb 210 values. Organic carbon percentages were low at this site and ranged from 2-9% (Figs. 3 and 10). The pollution profiles increase from reference conditions at just below the 30 cm interval until they reach peak values at 15 cm, decreasing from there to the top of the core. The reference level is based on the pre-industrial values at the base of the core which assume little or no industrial pollutants in 1875, and the low values persist until about [1925] [1926] [1927] [1928] [1929] [1930] in all the cores, so this is used as the ''reference'' or background level. Peak pollutant concentrations occur at the 1971 level when a peak in national production of PCBs took place. Concentrations of PAH's reach a peak value of 3.42 ϫ 10 6 ngg Ϫ1 DW while PCB concentrations reach 141, 511 ngg Ϫ1 DW. Zn and Cu are the only two heavy metals that exceed 1000 ug/g DW, reaching peak values of 1643 and 1842, respectively.
Geochemical Characteristics, Core 5c061098
The two age models applied to interpret the 210 Pb data, the constant initial concentration (CIC) and constant rate of supply (CRS) models, were used down to 16 cm (dated at 1928 A.D.) . From this horizon to the base of the core, an average sedimentation rate was calculated based on the date assigned to the 16 cm horizon. There were two horizons for which pollen analysis could be related to historical information: 1) the oak/ragweed ratio decreased at the 50-51 cm interval, which corresponds with the clearance of 40-50% FIGURE 11. Metal, PCB, hydrocarbon and Loss On Ignition (LOI) concentrations for core 5c061098, New Bedford Harbor. of the watershed (approximately 1834 in NBH; and 2) the 90-91 cm level where ragweed comprised greater than 1% of the total pollen, corresponding to initial settlement. Using this long-term average sedimentation rate, the base of the core was dated by extrapolation at 1245 A.D.. The chemical profiles for this core suggested that a portion of the top of the core (8-12 cm) was lost during collection. Through geochronological markers and constraints, it was suggested that the top of the core be dated at 1973 A.D.
All pollutants displayed a similar trend in this core by departing from a background level at the 20 cm interval (see comment above) and increasing up to the surface of the core (Figs. 3, 11) . Loss On Ignition remained relatively constant through the core (ϳ2%) up to the 11 cm level, from which level it increased to almost 9% near the top of the core. Concentrations of PAH's departed from background levels at ϳ15 cm (dated at 1925 A.D.), reaching peak values of 2.98 ϫ 10 6 ngg Ϫ1 DW at the surface. Concentrations of PCB's were relatively low in this core but have peak values of 17,600 ngg Ϫ1 DW at the surface. Heavy metal concentrations were lower in this core with Cu the only metal exceeding 1000 ugg Ϫ1 DW. Peak values of Cu reached 2053 ugg Ϫ1 DW at the surface. Zn was the only other metal to have extremely high concentration levels, which peaked at 631 ugg Ϫ1 DW at the surface; however, other metals were well above background values at 40 cm (Pb), 6 cm (Cr), 16 cm (Ag), and 3 cm (Ni, Cd). The missing upper section appears to represent about 20 years, which accounts for the peak of contaminants occurring at the surface and not decreasing from a peak level in the subsurface.
Geochemical Characteristics, Core NBH 1c061098
Only selected intervals have been analyzed for geochemistry and these pollution profiles may change if more intervals are tested in the future. The base of the core (at 130 cm) has been dated at 1964 A.D. based on the signal of the emplacement of the hurricane barrier, which caused a change in circulation detected at the bottom of the core with foraminiferal assemblages. Percentages of OC remained relatively constant throughout, ranging from 5.4 to 8.0%. Profiles of pollutants for this core show an increase from background levels that reach peak values near the middle of the core and decrease to the top of the core (Figs. 3 and 12) . The PAH's show a peak interval in the upper part of the core reaching concentrations of up to 406 million ngg Ϫ1 DW. At 74 cm (dated at 1971), PCB and Cu concentrations reach peak values of 24,000 ngg Ϫ1 DW, and 1238 ugg Ϫ1 DW, respectively. The percentage of OC peaks at the same level (7.5%) and at the surface (7.6%).
FORAMINIFERA
Upper Harbor To Lower Harbor, Surface Transect
For the 12 samples examined from this transect, total numbers of specimens per 10cc ranged from 90 to 3088 (Figs. 3 and 13) with the highest numbers occurring in the Lower Harbor. Numbers of living specimens were low and living specimens of Ammobaculites dilatatus and Haynesina orbiculare were found in only 7 of the 12 samples. In the upper part of the transect, the total faunal assemblage was generally dominated by H. orbiculare with a significant component of A. dilatatus, except at site NBH 105 where A. dilatatus dominated the assemblage (84%). Significant percentages of Ammonia beccarii were also identified in the upper samples of the transect (7-24%). A large percentage of Textularia earlandi was found at the second station (NBH 111) but was essentially absent in the rest of the transect samples; Elphidium spp. were identified at one site in the upper part of the Harbor (NBH 146). The lower part of the transect was characterized by two large peaks in total numbers and was dominated by H. orbiculare at most stations. Ammonia beccarii was also present in relatively high numbers (9-41%) throughout the Lower Harbor, while A. dilatatus was consistently present with low percentages. At site NBH 230 in the Lower Harbor, Elphidium spp. formed a significant percentage of the total assemblage but were almost absent in all the other samples.
Core 1c102596
Total abundances of specimens per 10cc were generally low, ranging from 17 to 555, with peak values occurring in the upper 10 cm and at the 29-31 cm level (Figs. 3 and  14) . The upper part of the core was codominated by two calcareous species, Ammonia beccarii (28-70%) and Haynesina orbiculare (21-53%), down to the 10 cm mark except between the intervals 3-5 cm, where the dominant species was Ammobaculites dilatatus (45-47%). Both A. beccarii and H. orbiculare disappeared below the 13 cm interval; H. orbiculare, however, reappeared at the 25-26 cm interval (5%). At the 32 cm level, both H. orbiculare and A. beccarii were identified but disappeared again after a few cm. Trochammina macrescens and T. inflata peaked and dominated between 10-30 cm. Moderate percentages of Textularia earlandi (2-25%) were present throughout, except between 14-22 cm, where peak values of T. macrescens were present. Low percentages of organic linings were found throughout the core, with peak values at the 22 cm (43%) and 37 cm levels (30%).
Core 5c061098
Specimen abundances per 10cc ranged from 20 to 1040 with highest values occurring in the top third of the core (Figs. 3 and 15) . Ammobaculites cf. crassus dominated the top 10 cm. Textularia earlandi dominated at the surface (55%) and codominated with A. cf. crassus at 1-3 cm, forming a significant percentage of the assemblage down to 15 cm. Textularia earlandi showed background percentages of the assemblage in the rest of the core except between 71-80 cm (6-14%) and 85-89 cm (7-8%). Haynesina orbiculare codominated with A. cf. crassus (32%) at the 5 cm interval and formed a significant percentage of the assemblage from 1-85 cm and 183-195 cm. From 15-90 cm, Elphidium excavatum f. clavatum and organic linings alternated in dominating the assemblage, with A. cf. crassus occasionally abundant with one or both of these. From 101-113 cm, E. excavatum f. clavatum formed a minor component of the assemblage, whereas organic linings and A. cf. crassus codominated. The bottom half of the core had E. excavatum f. clavatum, organic linings, and A. cf. crassus dominating or co-dominating the assemblage. Deformities were identified down to 45 cm at this site and ranged from 0 to 5% in the total population of H. orbiculare. Although the surface of this core was lost, there is a surface sample close to this core from Transect 1 which shows both increased abundance and diversity of calcareous species such as H. orbiculare and A. beccarii, suggesting recovery of the system.
Core 1c061898
Specimen abundances per 10cc were generally low, ranging from 24-456, except at peak values of 892-1420 and 656-3168 between intervals 42-47 and 86-107 cm, respectively (Figs. 3 and 16) . Haynesina orbiculare, a calcareous species, dominated the upper 85 cm, except between 0-13 cm and 64-74 cm where two dissolution events appeared to have taken place, as organic linings dominated these intervals. Below this interval, Ammonia beccarii dominated down to 108 cm and codominated with Elphidium spp. and the agglutinated Textularia earlandi down to 120 cm. From 120 cm to the base of the core, the assemblage was codominated by A. beccarii and Elphidium spp. with low percentages of Buccella frigida also present. Starting at 25 cm and persisting to 131 cm, some species exhibited deformities (most notably H. orbiculare) with percentages ranging from 0 to 12% of the entire assemblage; peak values oc- 
DISCUSSION SURFACE TRANSECTS
Several significant facts have emerged from the surface transect from Halifax Harbour (HH). There is almost a total lack of calcareous species in 1995, especially Elphidium spp., compared to 1968. This suggests that during the interval following 1968, conditions deteriorated (with increased OC) creating conditions unfavorable for the preservation of CaCO 3 shells. The presence of inner linings in Haury's 1995 samples indicates that calcareous species were living there but were not preserved. During the same interval, there was a large increase in Fursenkoina fusiformis, which Alve (1991 Alve ( , 2003 has identified as the calcareous form most tolerant of low-oxygen conditions, even more tolerant than some agglutinated species. Since 1968, Ammotium cassis has become more abundant at the head of the Bedford Basin, which would indicate an increase in suspended particulate matter (e.g., Olsson, 1976; Scott and others, 1977) and an expanded transition zone with high turbidity. In addition, the only calcareous species to be more common now than in 1968 is Haynesina orbiculare, which was the only calcareous species observed in Miramichi Estuary in 1974 when A. cassis first replaced the Elphidium/ Eggerella association (Scott and others, 1977) . Haynesina orbiculare has the ability to construct an agglutinated test, that acts as a sheath in the absence of its calcareous test, which cannot be constructed in low-pH, high-organic conditions such as in the turbidity maximum. All these factors suggest an increase in domestic sewage discharge during the last 30 years. The baseline data from Gregory (1971) allow this to be detected by studying foraminifera in cores. This underlines the importance of performing environmental im-pact studies in areas at risk of pollution before the pollution occurs.
A similar type of study was performed by Stott and others (1996) , who revisited the stations established by Bandy and others (1964) from the Orange County Outfall (California, USA). Bandy and others (1964) presented evidence of a degraded fauna with many species, such as Trochammina pacifica, which have subsequently been linked to pollution (e.g., Patterson, 1990 ). Since 1964, there have been attempts of remediation and Stott and others (1996) sought to determine if they could detect the results of remediation by reexamining the foraminifera of Bandy and others' (1964) stations. They found an association that was similar to an unimpacted shelf fauna, suggesting that remediation had been at least partially successful. This leads to the conclusion that foraminifera can be used for monitoring remediation as well as degradation.
In the surface transect for NBH, the lowest numbers of foraminifera occur in the Upper Harbor, where pollutant concentrations are at their highest (Fig. 13) . The Upper Harbor samples are dominated by agglutinated forms such as Textularia earlandi and Ammobaculites dilatatus, which have been reported to be resistant to pollution effects in other areas others, 1976, 1980) . As the pollutants decrease in the Lower Harbor, there is an increase in both diversity and abundance of foraminifera. The occurrence of calcareous species such as Ammonia beccarii and Haynesina orbiculare suggests that the area is becoming more hospitable for calcareous forms. Recovery of contaminated sediments is also allowing the tests of calcareous species to be preserved. This response is not as strong as the response observed by Stott and others (1996) in the Orange County Outfall, but it appears to be in an intermediate stage.
COMPARSION OF SURFACE TRANSECTS FROM NEW BEDFORD HARBOR, HALIFAX HARBOUR, AND LONG ISLAND SOUND
Comparing NBH with LIS results of Thomas and others (2000) indicates that LIS was never as impacted as NBH. The dominant species in LIS are not present in any abundance in NBH; the most common calcareous species in NBH is Haynesina orbiculare which is not even mentioned for LIS, whereas the most common species in LIS, Elphidium excavatum, is a minor species in NBH. Only Ammonia beccarii occurs in roughly the same abundances in both places. Part of the difference is certainly water depth, since H. orbiculare prefers shallower water (Scott and others, 1980) ; however, another important factor would appear to be that in the confines of NBH, the heavy metals and other toxic chemicals were more concentrated, especially 20-30 years ago, based on their concentrations in the cores (Figs.  9-12) .
The events in NBH contrast with those in HH, where the fauna has deteriorated in the last 30 years. In NBH there has been significant amounts of money invested in the harbor cleanup, while in Halifax no cleanup has been attempted and the increased population pressure has resulted in more degradation of conditions, especially with respect to increased oxygen demand in the sediments caused by organic waste overloading.
The surface sediments of NBH, even with remediation, are still much more toxic in terms of metals and PCBs than HH; LOI percentages, however, are much higher in HH than in NBH. As for other contaminants, HH barely reaches the background levels recorded in NBH. This brings into question the comments made by Winters (1992, p. 2617) : ''. . . the uppermost 2 cm of sediments on the seafloor ranks Halifax Harbour among the most contaminated marine areas in the industrial world.'' Halifax lacks the history of heavy industry of many other estuaries and its circulation patterns help mitigate some pollution effects. This is reflected not only in the contaminants themselves but also in the presence of abundant foraminiferal assemblages in all but one core interval.
CORES
Halifax Harbour
Surface studies of foraminifera have been performed in many polluted areas (see Alve, 1995 , for a review). Few of these studies have taken advantage of foraminifera in sediment cores, where they would have enabled paleoenvironmental reconstruction even in the absence of baseline data such as those of Gregory (1971) and Bandy and others (1964) .
In Halifax Harbour (HH), the two core sites examined recorded both domestic sewage (cores 5 and 1C) and light industrial impacts (core 2, Figs. 6-8 ). There were specific responses in each one and it was possible to distinguish the two types of impacts. In the two cores from the domestic site, there were the typical species that occur with high organic loading and high suspended particulate matter (SPM)-Reophax scottii and Ammotium cassis. This only occurs after 1968, as observed in core 1C, the only core that penetrates to the 1968 level. Ammotium cassis specifically has been identified as an indicator of high SPM in one estuary in Canada others, 1977, 1980) and in the Baltic Sea (Wefer, 1976) . As conditions deteriorated even more with higher SPM before 1996, the tintinnids appeared just below the 1996 horizon. Tintinnids have been shown to favor high SPM around aquaculture sites where organic suspended matter is high (Scott and others, 1995) .
Just above the 1996 horizon, especially in core 5, there is an almost barren zone, which, according to the manager of the sewage treatment plant near the outfall, was caused by the dilution resulting from a cleaning operation at the plant that took place at the time of sampling. Several times the normal amount of material was pumped out, which produced the 15-cm-thick layer in core 5 and caused dilution of the fauna. Core 1C, which was collected at virtually the same position, showed a less distinct disturbance but not a total disappearance of the microfauna. These two cores, collected in almost the same place, illustrate the small scale over which these changes take place and illustrate that one core maybe insufficient for a reliable interpretation of events.
The organic linings found in both cores 5 and 1C suggest that calcareous species were living at this location but the low pH and high LOI of the sediments caused dissolution of the calcium carbonate. Although not visible in Figure 7 for the 1998 core, a small number of living individuals oc-curred after the high flux event of 1996; these consisted of a few living calcareous specimens observed at the surface of the core in the form of inner organic linings, with small amounts of carbonate, that were stained red by rose Bengal. This indicates that, even alive, they had difficulty secreting calcium carbonate. In unpublished results of laboratory cultures from the early 1990's, Asioli and Medioli observed live and reproducing specimens of Ammonia beccarii with tests consisting of mostly inner organic lining with very reduced carbonate in hyposaline water, but these same specimens produced fully carbonate tests when the water was returned to normal salinity.
The light industrial site (Tuft's Cove, core 2) showed lower LOI percentages but, in some cases, higher metals. Buckley and others (1995) had measurements from sites close to this one that showed elevated Pb, Cu, and Zn. The most striking difference between the light industrial site and the domestic site is the almost total dominance by Eggerella advena in the Tuft's Cove core, except at the very surface. Schafer and others (1975) , when examining an industrial site in another part of Nova Scotia, recorded E. advena as the last species present in an industrial site; the samples progressively further away from the source of pollution showed increasing diversity and more calcareous species. This pattern does not appear in core 2 (Fig. 2) , indicating that substantial industrial pollution continued throughout its depositional history. Gregory (1971) recorded calcareous species at this location in 1968; it can be inferred that the base of core 2 is younger than 1968. The increase in R. scottii in the surface cm of the core indicates a higher influx of OC near the surface, and a significant increase in thecamoebians indicates higher freshwater runoff at the very surface (Fig. 2, core 2 collected in 1996) . The occurrence of organic linings throughout the core suggests the presence of living calcareous species at this site after 1968, even though no CaCO 3 is preserved.
Neither of the Halifax sites had any significant populations of the low-oxygen indicator Fursenkoina fusiformis (Alve, 1995; Gustafsson and Nordberg, 2000) . It was observed in the deeper parts of Bedford Basin (Figs. 2, 5 ) from the surface transects and appears to require more stable, deeper water conditions than those occurring at either of these core sites. It is recorded in southeastern Atlantic Canada as a deep estuarine indicator (Scott and others, 1980) .
New Bedford Harbor
Two cores from NBH recorded the effects of recovery, at least to some extent, with the most pronounced event starting in 1978 when the use of PCBs was terminated. The examination of the assemblages in the cores below the 1978 levels and the comparison with those of the core surfaces and the surface transect distinguished the event clearly. In two cores from the Upper Harbor (1c102596 and 5c061098), agglutinated species were more prominent prior to 1978; one of them, Textularia earlandi, has been reported as common in other upper estuarine environments subjected to heavy industrial and domestic input (San Diego Bay, USA; Scott and others, 1976) . High levels of foraminiferal deformities in cores 5c061098 (upper harbor) and 1c061098 (hurricane barrier), in the period of PCB use, indicate a strong response to those chemicals. No deformities were recorded in core 1c102596 because the specimens deposited during the time of PCB use were all reworked marsh species, which had not been subjected to the PCBs. The record after 1978 of core 5c061098 is apparently missing and as a result, the top of the core shows peak values in pollutant concentrations with loss in both diversity and abundance of foraminifera. The assemblage is dominated by agglutinated species, with very few calcareous species identified in the top 15 cm during the time when concentrations of pollutants were at their highest. However, surface samples collected near this core (Fig. 9) have abundant calcareous forms with high diversity, suggesting recovery is occurring in this area.
There appears to have been a fundamental environmental change in the Upper Harbor site (Core 1c102596) since 1979, not related to direct pollution effects. Prior to 1979 there were few organic linings, suggesting that calcareous species were not present in significant numbers even in the background level period . The low numbers of foraminifera between ϳ1940 and 1979 consist largely of reworked marsh species (Trochammina macrescens and T. inflata). Prior to ϳ1940, the conditions were upper estuarine, with a very brackish assemblage consisting of almost 100% Ammobaculites dilatatus. This association does not reappear with remediation, being replaced by a calcareous assemblage after 1979. This suggests that, in addition to remediation, there has been a fundamental change in the salinity/temperature structure of the upper estuary that allows calcareous species to thrive where there were none less than a century ago. This change could been caused by a number of factors, among them reduced groundwater flow resulting from increased population pressure that decreases the freshwater input, or blockage of freshwater inlets in the upper estuary. Alternatively, an increase in the temperature of the area caused by a local ''heat island'' (an area close to an urban area which causes a local microclimate warmer than the outlying countryside) might have allowed calcareous species to exist at lower salinities. Whatever the reasons, there are two distinct responses in core 1c102596: 1) a pollution-related response from , when the natural assemblage was eliminated and only reworked marsh species were deposited; and 2) an environmental responsethat may or may not also be related to human pressuresconsisting of a shift from an upper to a lower estuarine regime, signaled by the introduction of calcareous species after 1978.
Only one core (5c061098) from NBH indicated conditions to be similar between now and pre-industrial times, assuming conditions for the surface samples from the transect near the core area were the same as the core surface. The Elphidium/Haynesina assemblage that occurs in the pre-industrial zone and the surface samples appears to be typical for most shallow parts of the Long Island Sound system that are not severely impacted by pollution (e.g., Buzas, 1965) .
Core 1c061098 did not penetrate past the 1958 A.D. time horizon based on Pb 210 and the foraminiferal assemblage. It appears that this site prior to 1964 was probably little affected by pollution in the upper harbor since it contained an assemblage similar to those found in the rest of Long Island Sound (Buzas, 1965) . In 1964 the hurricane barrier was put in place, which fundamentally changed this area by closing off open circulation to Buzzard's Bay (see Fig. 3 ). Organic linings became more abundant after the barrier placement and deformities increased as PCBs were easily trapped behind the barrier. Additionally, with poor circulation, oxygen demand in the sediments increased, which made conditions unsuitable for calcareous species and allowed agglutinated species, such as Textularia earlandi, to occupy the site. The building of Interstate Highway I-195 in 1972 is marked by an easily detectable, sudden increase in total numbers of specimens and calcareous species, probably connected with seafloor disturbance, causing more oxygen to temporally reach the seafloor.
At this site, the deformities in Haynesina orbiculare appear to be clearly linked with PCB use. The deformities first appear immediately after 1964, with the advent of high PCB usage, and virtually disappear after 1978, when PCB use was stopped. The percentage of deformities reaches 15%, far above anything that could be considered background level, and salinities never reach extreme values as they did in the Brazilian lagoon reported by Debenay and others (2001) , so there is no precedent for this to be interpreted as a natural occurrence. Hence, deformities in Haynesina orbiculare would appear to be a good proxy to detect PCB damage, both past and present, in this and other areas.
COMPARISON OF NEW BEDFORD HARBOR AND HALIFAX HARBOUR
The differences between NBH and HH are not simply due to different pollution problems. NBH is a shallower, warmer system, while HH is a deep-water, locally stratified, estuarine system. As demonstrated by Scott and others (1980) , there are distinct classifications that can be based solely on foraminiferal assemblages for deep-and shallow-water embayments. For example, Ammonia beccarii is not found subtidally anywhere in Nova Scotian waters except for the Northumberland Strait, which is a shallow part of the Gulf of St. Lawrence. Here, during the summer, the water warms to 20ЊC, which is the reproductive temperature requirement for A. beccarii (Bradshaw, 1961) . The temperature difference alone makes the comparison of these two systems difficult. At both sites, however, the dissolution of calcareous tests is a fundamental problem caused by the same phenomenon: high LOI fluxes that lower the pH in the sediments. In Nova Scotia, this process might be enhanced further by its colder water, which increases carbonate solubility.
The most fundamental difference between the two areas, however, is the level of pollution in NBH versus HH. The organic loading may be higher in HH but the concentrations of industrial metals, despite 250 years of unchecked pollution, do not even reach the background levels observed in NBH.
In HH, other than the 1996 dilution interval of core 5 (Fig. 6 ), there were no barren sediments or even lower abundances comparable to those in parts of NBH, such as the 1940-80 interval of core 1c102596, or the upper part of core 5c061098. Although deformed specimens have been observed in HH, they were never observed in the high percentages encountered in NBH cores 1c061098 or 5c061098. Because of the shallow bathymetry of NBH, many of the low-oxygen indicators observed in HH, such as Fursenkoina fusiformis, were not observed in NBH; although the low-oxygen conditions exist, the more stable, deep-water conditions of a fjord cannot develop in a shallow, highly mixed system such as NBH. Possibly, the low-oxygen indicator in NBH may be Ammonia beccarii, as is suggested for many other localities with warmer water than in Atlantic Canada, where A. beccarii does not live subtidally (Scott and others, 2001) . Surprisingly, a species almost completely missing from NBH is Eggerella advena, a well-known industrial pollution indicator (Schafer and others, 1975, and in HH) . This species might be expected to be present in NBH since it is present in the New England area (Parker, 1952) , but it may be displaced by some of the shallow-water calcareous forms in the seasonally warmer water of NBH.
When tintinnids are present they are excellent indicators of high organic suspended particulate matter (SPM); they were reported from around aquaculture sites (Scott and others, 1995) , and they were present around the sewage outfalls in HH. At this point, however, it is not known why they are present in some places and not others where one would expect to find them. For the time being, we cannot assess whether or not their absence in NBH is significant but we can say they are an important tracer of SPM when they are present in sediments.
One thing emerges clearly from the study of both sites; it is possible to reconstruct the pollution history (of the organisms, at least) of impacted estuarine systems using foraminiferal remains. Compared with other well-known pollution indicators such as polychaetes, which leave no fossil record, foraminifera provide the same signal as polychaetes (Schafer and others, 1995) , but fossilize very easily and can be used for historical studies. This study and previous studies by Stott, Bandy, Alve, McGann and others show that benthic foraminifera may be the organisms of choice for both real time and, most importantly, reconstructions of paleoenvironments, in the absence of baseline data.
COMPARISON OF NEW BEDFORD HARBOR AND HALIFAX HARBOUR TO LONG ISLAND SOUND
Several studies in Long Island Sound (LIS), the most recent being Thomas and others (2000) , show an area intermediate in both physiographic characteristics and the degree of degradation caused by human influence. One very striking thing about LIS in comparison to NBH is the dominance of Elphidium excavatum but a large presence of Eggerella advena in the open bay prior to 1960. Since that time, Elphidium excavatum has decreased and been replaced by the calcareous species Ammonia beccarii, and there has been a very strong decrease in Eggerella advena, a species that is rare in NBH but common in HH. Thomas and others (2000) suggest that the food source may have changed, resulting in the loss of Eggerella advena; however, it appears more likely that temperature may play a role where it becomes easier for the calcareous species to secrete a test and they predominate over agglutinated species. There is a fine balance between increased stability of carbonate in warmer water and dissolution caused by low-pH sediments; the northeastern USA appears to be on the boundary where the increased seasonal temperatures allow flourishing of some calcareous species (even in low-pH conditions) that do not flourish in most of Atlantic Canada. This is especially true of the wellknown species Ammonia beccarii, which only lives intertidally in most of Atlantic Canada or in the seasonally warmer, shallow subtidal areas in the Gulf of St. Lawrence (Scott and others, 1980; Scott and Medioli, 1980) .
There is no record of significant numbers of Eggerella advena anywhere in NBH, even in cores that reflect over 200 years of history; this is almost certainly the result of the seasonally warmer temperatures that have always been in the shallower NBH. In contrast, in HH, Eggerella advena is a very common species, but especially around industrial sites. The water is much deeper and colder in HH than in either NBH or LIS; Eggerella advena is common with calcareous species, much like pre-1960 LIS (Miramichi Bay, New Brunswick; Scott and others, 1977) . Interestingly, Ammonia beccarii is not taking over in NBH as it appears to have in LIS. Nutrients are not as much of a problem in NBH as they are farther to the west in LIS, where there is a large increase in sewage waste water since 1960. The final, striking difference is that in NBH, Haynesina orbiculare has been common since pre-industrial times but not in LIS; it was found by Scott and others (1980) to be a shallow, subtidal, estuarine species in Maritime Canada and New England.
Probably the most extreme case of pollution in foraminiferal studies is reported by Yanko and others (1994) from Haifa Harbor, where pyrite is actually forming within living foraminfera. In this warm, high-salinity environment, agglutinated species are never dominant, suggesting that calcareous species can withstand heavy pollution as long as the salinities are not low and OC is not high. One surprising result in the Haifa study was that although some of the deformities were extreme, the actual percentage within the populations was usually below 5%; in the present study we found up to 15% in some parts of NBH. Hence, it is not a simple answer that agglutinated species are more tolerantthey are more tolerant when other conditions such as low salinities and temperatures are present, but calcareous species can survive high amounts of heavy metals and other pollutants in the absence of factors that act to dissolve carbonate. The influences on the distribution of these complex, one-celled animals are combinations of natural and artificial impacts, but it is possible to separate the factors with highquality distribution data. Foraminifera can provide a wealth of information regarding coastal environments, both pollution impacted and non-pollution-impacted, that can be used to study mitigation, changes through time, and the general health of most marine environments.
TAXONOMIC LIST The detailed systematic taxonomy and illustrations of all foraminiferal species and the tintinnid discussed in this paper can be found in Scott and Medioli (1980) and Scott and others (1977 Scott and others ( , 1980 Scott and others ( , 2001 . Included below are the original references for all the species and a plate showing some of the most common species and deformities found in HH and NBH.
Phylum Sarcodaria Superclass Rhizopoda Ammobaculites cf. crassus Plate 1, figs. 1-3 Ammobaculites crassus Warren, 1957, p. 32, pl. 3, figs. 5-7. Remarks. We were unsure of the exact species but it fits best with the descriptions and pictures of A. crassus Warren. Also, its distribution appears similar, with some reported in other places such as Chesapeake Bay (Ellison, 1972) .
Ammobaculites dilatatus Cushman and Brönnimann
Ammobaculites dilatatus Cushman and Brönnimann, 1948, p. 39, pl. 7, figs. 10, 11; Scott and others, 1991, p. 384 . Ammobaculites c. f. foliaceus (Brady) . Parker, 1952, p. 444, pl. 1, figs. 20, 21 . Ammobaculites foliaceus (Brady) . Scott and Medioli, 1980, p. 35, pl. 1, figs. 6-8.
Ammonia beccarii (Linné)
Nautilus beccarii Linné, 1758, p. 710 . Ammonia beccarii (Linné) . Brünnich, 1772, p. 232; Scott and Medioli, 1980, p. 35, pl. 5, figs. 8, 9 .
Ammotium cassis (Parker) Pl. 1, fig. 19 Lituola cassis Parker in Dawson, 1870, p. 177, 180, fig. 3 . Haplophragmium cassis (Parker) . Brady, 1884, p. 304, pl. 33 . Ammobaculites cassis (Parker) . Cushman, 1920, p. 63, pl. 12, fig. 5 . Ammotium cassis (Parker) . Loeblich and Tappan, 1953, p. 33, pl. 2, figs. 12-16 .
Eggerella advena (Cushman) Pl. 1, figs. 14, 15
Verneuilina advena Cushman, 1922, p. 141 . Eggerella advena (Cushman) . Cushman, 1937, p. 51, pl. 5, figs. 12-15. Remarks. Figure 14 is a normal specimen from HH, whereas figure 15 is a deformed specimen with a bend, typical of the deformed specimens.
Elphidium excavatum (Terquem) Plate 1, figs. 4-9, 12
Polystomella excavata Terquem, 1876, p. 429, pl. 2, fig. 2 . Elphidium excavatum (Terquem) formae Miller and others, 1982b (all) .
Remarks. Figures 4-6 are normally formed specimens, whereas figures 7-9 and 12 have deformities ranging from completely distorted to just one deformed chamber.
Fursenkoina fusiformis (Williamson)
Bulimina pupoides d'Orbigny var. fusiformis Williamson, 1858, p. 64, pl. 5, figs. 129,130 Fursenkoina fusiformis (Williamson) . Gregory, 1971, p. 232; Scott and others, 1980, p. 228, pl. 3, figs. 9,10 .
Haynesina orbiculare (Brady) Plate 1, figs. 10, 11, 13, 18
Nonionina orbiculare Brady, 1881, p. 415, pl. 21, fig. 5 . Elphidium orbiculare (Brady) . Hessland, 1943, p. 262 . Protelphidium orbiculare (Brady) . Todd and Low, 1961, p. 20, pl. 2, fig. 11 . Haynesina orbiculare (Brady) . Scott and others, 1980, p. 226 (note) .
Remarks. These specimens are all deformed in some way. The ones from NBH (figs. 10, 11, 13) are twisted almost beyond recognition, whereas the test in figure 18 from HH was diagenetically etched after death.
Reophax scottii Chaster
Plate 1, Fig. 17 Reophax scottii Chaster, 1892, p. 57, pl. 1, fig. 1; Miller and others, 1982a, p. 2362, pl. 1, fig. 7 .
Saccammina difflugiformis (Brady)
Reophax difflugiformis Brady, 1879, p. 51, pl. 4, fig. 3a,b . Saccammina difflugiformis (Brady) . Thomas and others, 1990, p. 234, pl. 2, figs. 10-12. Spiroplectammina biformis (Parker and Jones) Plate 1, fig. 16 Textularia agglutinans d'Orbigny var. biformis Parker and Jones, 1865, p. 370, pl. 15, figs. 23, 24 . Spiroplectammina biformis (Parker and Jones) . Cushman, 1927, p. 23, pl. 5, fig. 1 .
Textularia earlandi Parker
Textularia earlandi Parker, 1952, p. 458 (footnote) .
Trochammina inflata (Montagu)
Nautilus inflatus Montagu, 1808, p. 81, pl. 18, fig. 3 . Rotalina inflata Williamson, 1858, p. 50, pl. 4, figs. 93, 94 . Trochammina inflata (Montagu) . Parker and Jones, 1859, p. 347 .
Trochammina macrescens Brady
Trochammina inflata (Montagu) var. macrescens Brady, 1870, p. 290, pl. 11, fig. 5 . Jadammina polystoma Bartenstein and Brand, 1938, p. 381, figs. 1, 2 . Trochammina macrescens Brady. Parker, 1952, p. 460, pl. 3, fig. 3 .
Trochammina ochracea (Williamson)
Rotalina ochracea Williamson, 1858, p. 55, pl. 4, fig. 112, pl. 5, fig. 113. Trochammina squamata Parker and Jones, 1865, p. 407, pl. 15, figs. 30, 31. Trochammina squamata Parker and Jones, and related species. Parker, 1952, p. 460, pl. 3, fig. 5 . Trochammina ochracea (Williamson) . Cushman, 1920, p. 75, pl. 15, fig. 3 .
Subphylum Ciliophora Class Ciliata
Tintinnopsis rioplatensis Souto
Tintinnopsis rioplatensis Souto, 1973, p. 251, figs. 5-8. Although in some cases tintinnids may occur together with foraminifera and thecamoebians, they are ciliate protozoans. Tintinnids are the only ciliates with a long fossil record.
